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Methods and Apparatus for Prescribing Web Tracking in Processing Equipment 



Field of the Invention 

[0001] The present invention relates generally to web processing equipment and, 
more specifically, to methods and apparatus for steering the web as it travels through the 
processing equipment. 

Background of the Invention 

[0002] Web coating refers to the process of depositing one or more materials onto a 
thin heat-sensitive substrate, supplied in the form of a continuous, large-quantity roll 
(i.e., a "web"). The web is unwound and passed through one or more stations in 
processing equipment, each of which deposits a material onto the web, generally under 
vacuum. After the web passes through all of the stations, it is rewound onto another roll 
and readied for further processing or shipment. One product typically manufactured by 
such a process is magnetic recording tape, where a polyester film is coated with 
ferromagnetic material. 

[0003] Processing equipment used for web coating generally includes a series of web 
transport rollers. These rollers unwind, tension, steer, and wind the web as it travels 
through the processing equipment. Frictional forces at the interface between the web 
and a roller provide traction that causes the web to move through the equipment in the 
direction that the rollers establish. 

[0004] Figure 1 depicts a simplified schematic representation of an example of web 
processing equipment 100. Processing equipment 100 includes a source 102 of web 
material 1 04 in roll form. A pumping system 1 1 6 with a pumping port 1 1 8 helps 
maintain the proper pressure (e.g., vacuum) in the processing equipment 100. Also 
included are three material deposition stations 106, 108, 1 10, each of which can deposit 
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a different material onto the web 104. As the web 104 exits the last material deposition 
station 1 1 0, it is rewound onto a take-up roll 1 1 2. 

[0005] Generally included in each material deposition station 106, 108, 1 10 is a web 
transporting roller 1 14 and a steering section 200. Material is deposited on the web 104 
as the web 104 travels about the web transporting roller 1 14. Figure 2 shows the 
steering section 200 in detail. In the present example, the steering section 200 includes 
an entering roller 202 that receives the leading edge of the web 104. The web 104 is 
then received by a first guide roller 204 and a second guide roller 206. The guide rollers 
204, 206 are parallel to each other. The web 104 then passes to an exit roller 208 en 
route to the web transporting roller 1 14 and then on to another material deposition 
station or the take-up roll 1 12. 

[0006] One common problem with the aforementioned processing equipment 100 is 
a misalignment 210 between the entering roller 202 relative to the guide rollers 204, 206. 
An additional misalignment 212 between the exiting roller 208 and the guide rollers 204, 
206 can also happen. When one or both of these conditions occur, the steering section 
200 often cannot restore the proper alignment. A result of this condition is that wrinkles, 
or creases, or both, form in the web 104 as it travels through the processing equipment 
1 00. The wrinkles or creases tend to accelerate degradation of the coated web product. 
Further, the wrinkles or creases can hamper the efficient operation of the processing 
equipment 100, causing dovmtime as an equipment operator must, for example, 
manually realign the web 104. 

[0007] From the foregoing, it will be apparent that there is still a need for a way to 
control the travel of the web 104 through the processing equipment 100 in order to 
minimize or eliminate wrinkles, or creases, or both, with minimal or no operator 
intervention. 



Summary of the Invention 



[0008] The present invention affords control over the degree to which a web floats 
over (i.e., avoids contact with) or traclcs (i.e., contacts) a web transporting roller in 
processing equipment, such as coating machinery, typically when under vacuum. 
Adjusting the web tension, or web transporting roller configuration, or both, facilitates 
this control. A result is that web wrinkling or creasing induced by, for example, steering 
or other rollers, is reduced or eliminated. This leads to improved performance and 
decreased downtime of the processing equipment, and minimizes degradation of the web 
product. 

[0009] In one embodiment, the invention provides a method for prescribing the 
operational web tension pressure in relation to the web outgassing pressure. Briefly, 
ouotgassing is the evolution of gas embedded in a liquid or solid. The gas is typically 
released when the liquid or solid is heated, or the surrounding pressure is reduced, or 
both. In one embodiment discussed herein, the web is placed under vacuum in the 
processing equipment, which causes the release of gas embedded in the web. By 
adjusting the web tension pressure so it is less than the web outgassing pressure, the web 
is caused to float over the web transporting roller. Conversely, setting the operational 
web tension pressure so it exceeds the web outgassing pressure will cause the web to 
track the web transporting roller. The choice of causing the web to float or track 
depends on, for example, the type of web material used and the nature of the processing 
performed. 

[0010] One way of setting the operational web tension pressure is to compute the 
molecular density of the substance (typically water vapor) outgassing from the web. 
From this density value one can compute a target web tension pressure and set the 
operational web tension pressure accordingly. 

[0011] The operational web tension pressure can also be controlled dynamically. 
During operation, a system according to the invention monitors the web outgassing 
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pressure. The system then adjusts the operational web tension pressure to maintain the 
desired relationship between it and the web outgassing pressure. The adjustment can be 
performed in real time, automatically, and without operator intervention, typically using 
a closed-loop control system. 

[0012] In another embodiment, the invention provides a method for prescribing the 
degree to which a web floats or tracks as it passes over one or more web transporting 
rollers by selecting a particular configuration of rollers for use in the processing 
equipment. The configuration is based in part on the average surface roughness of each 
web transporting roller. The average surface roughness required to achieve a desired 
degree of floating or tracking may be based at least in part on a computed molecular 
density of the substance outgassing from the web and a desired operational web tension 
pressure. Web transporting rollers having the appropriate average surface roughness 
corresponding to the molecular density and the desired operational web tension pressure 
are then selected for use in the equipment. 

[0013] One version of the invention includes apparatus for adjusting the operational 
web tension pressure. In this version, sensors monitor the ambient pressure due to 
outgassing about the web transporting roller and the tension pressure of the web. A 
tensioning roller responds to the ambient pressure and adjusts the web tension pressure 
to maintain the desired relationship between the pressure values. A variation of this 
version includes a controller that accepts data from the pressure sensors and operates an 
actuator that, in turn, adjusts the tensioning roller accordingly. A further variation 
includes the logic necessary to compute molecular density and target web tension 
pressure and adjust the tensioning roller in relation to the latter. 

[0014] Another embodiment of the invention provides an article of manufacture that 
includes a program storage medium having computer-readable program code for 
prescribing the degree to which a web floats about a web transporting roller. The code 
includes portions for monitoring web outgassing pressure during web transporting roller 
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operation, and adjusting operational web tension pressure in relation to the monitored 
pressure. Additional code causes a computer to compute a web outgassing molecular 
density and target web tension pressure, and set the operational web tension pressure in 
relation to the latter. In another embodiment, a program storage medium tangibly 
embodies a program of instructions executable by a computer to perform the method 
steps for prescribing the degree to which a web floats about a web transporting roller. 

[0015] Other aspects and advantages of the present invention will become apparent 
from the following detailed description, taken in conjunction with the accompanying 
drawings, illustrating the principles of the invention by way of example only. 

Brief Description of the Drawings 

[0016] The foregoing and other objects, features, and advantages of the present 
invention, as well as the invention itself, will be more fully understood from the 
following description of various embodiments, when read together with the 
accompanying drawings, in which; 

• Figure 1 is schematic representation of web processing equipment in 
accordance with an embodiment of the invention; 

• Figure 2 is schematic representation of a steering section in web processing 
equipment in accordance with an embodiment of the invention; 

• Figure 3 is a flowchart depicting the steps for prescribing the degree of web 
floating and tracking in web processing equipment in accordance with an 
embodiment of the invention; 

• Figure 4 depicts a surface model in accordance with an embodiment of the 
invention; 

• Figure 5 depicts an alternative surface model in accordance with an 
embodiment of the invention; and 
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• Figure 6 is a block diagram that depicts apparatus for adjusting operational 
tension pressure of a web in accordance with an embodiment of the 
invention. 

Detailed Description 

[00171 As shown in the drawings for the purposes of illustration, the invention is 
embodied in methods and apparatus that provide control of web floating or tracking in 
processing equipment. The invention provides a way to reduce or eliminate wrinkles, 
creases, or both, in a web because of, for example, web misalignment. Existing 
processing equipment has been unable to provide this comprehensive control over 
wrinkles, creases, or both. This has resulted in degradation of the finished product and 
processing equipment inefficiencies. 

[0018] In brief overview, Figure 3 shows the steps 300 of one embodiment of the 
invention. In this embodiment, the web 104, typically when under vacuum in the 
processing equipment 100, outgasses and thereby creates a web outgassing pressure. 
(The outgassed material is generally water vapor.) In response to this web outgassing 
pressure, an equipment operator typically adjusts the tension of the web 104, thereby 
setting an operational web tension pressure. This operational web tension pressure can 
be greater than the web outgassing pressure, which would generally result in the web 104 
tracking the web transporting roller 1 14 during operation. Conversely, the operator can 
adjust the operational web tension pressure so it is less than the web outgassing pressure. 
In this case, the web 104 typically floats over the web transporting roller 1 14 during 
operation and is substantially prevented from making contact with the latter. The 
operator can also adjust the operational web tension pressure so it is substantially equal 
to the web outgassing pressure. 

[0019] During processing, the web outgassing pressure can vary. To maintain the 
desired relationship between the web outgassing pressure and the operational web 
tension pressure, the former may be monitored by, for example, the operator. The 
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operator, for example, can reset or adjust the operational web tension pressure as needed 
to maintain the aforementioned relationship, thereby preserving the desired degree of 
web tracking or floating. 

[0020] As an alternative to its measurement, the web outgassing pressure P 
(atmospheres) may also be determined mathematically by the equation: 



P = nkT 



(Equation 1) 



where n is the outgassing molecular density (molecules/cm ), k is Boltzmann's constant 
(1 .36 X 10'^^ atm-cmVmolecule-K), and T is the web temperature (K). A starting point 
for calculating P is determining n using a series of equations that model the web 
processing equipment 100. 

[0021] In the embodiment shown in Figure 3, the outgassing molecular density is 
computed (step 302) using water as the dominant outgassing species. As a first step in 
computing the outgassing molecular density, the throughput Q (torr-liter/s) of the 
pumping system 116 is determined. Several equations are available to determine Q. 
These include: 



(Clausing Equation) 



e = n.4 



l3 



A'P. 



(Dushman Equation) 



In these equations, T is the web temperature (K), P is the ambient pressure (torr), M is 
the molecular weight (g/molecule), and A and L are the radius (cm) and length (cm). 
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respectively, of the pumping port 118. K' in the Clausing Equation is "Clausing's 
Factor" and it is determined analytically from the ratio of L/A. For an L/A ratio of five, 
K' =0.3146. 



[0022] Once the throughput Q is determined, the molecular flow N (g-mole/s) is 
typically computed according to the following equation: 




where T is again the web temperature (K) and R is the universal gas constant (62.36 torr- 
L/g-mole-K). A molecular flow rate T (molecules/s) of the outgassing species is then 
computed by multiplying N by Avogadro's Number No (6.023 x 10^"' molecules/g-mole): 

Dividing T by the surface area a (cm^) of the web provides an outgassing molecular flux 
y (molecules/cm^-s): 

T 

r = - 

a 

[0023] Typically, the web 104 is moving over the web transporting roller 1 14 with a 
velocity V (cm/s). Only a portion of the length of the web 104 is resident on or over the 
web transporting roller 1 14 at any given moment. This portion, denoted as Wl (cm), 
corresponds to a length of web material arcing over the web transporting roller 114. As 
it arcs over the web transporting roller 1 14, this portion is resident for a time t (seconds) 
given by the following equation: 

r = -^ 
V 

Accordingly, a molecular surface density <]> (molecules/cm^) is given by: 
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[0024] The molecular surface density isf is related to the outgassing molecular density 
n by the geometry of the interface between the surface of the web 104 and the surface of 
the web transporting roller 1 14. These surfaces are typically irregular, resulting in 
enhanced surface area and slight separation from each other. The degree of outgassing is 
a function of exposed surface area, and the separation between surfaces defines a volume 
that can, for example, trap outgassing species. 

[0025] The surfaces of the web 1 04 and the web transporting roller 1 1 4 may be 
modeled in a variety of ways. One simplified model represents each surface as a series 
of identical prismatic volumes that extend across the web width Ww (cm) of the web 
104. Figure 4 depicts this model 400 where the web surface 402 and transporting roller 
surface 404 meet at an interface 406. In the model 400, each prismatic volume has, as 
shown by the shaded regions in Figure 4, a cross-section that is an equilateral triangle 
with side length a (cm). The model 400 assumes that all of the equilateral triangles on 
the web surface 402 are identical, spaced equally, and in peak-to-peak contact with 
identical equilateral triangles on the transporting roller surface 404. Consequently, 
cavities 408 are formed between the prismatic volumes. The cavities 408 can trap the 
aforementioned water vapor. 

[0026] In practice, the interface 406 typically follows an arcuate path about the web 
transporting roller 1 14. Figure 4 depicts only a portion of the interface 406 and renders 
it a non-arcuate fashion for simplicity. 

[0027] Each prismatic volume 408 has a height h (cm) that can be determined from 
surface topology measurements. The equilateral triangle side length a is related to the 
height h as follows: 

_ 
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Further, the volume Vp (cm-^) of each prismatic volume 408 is given by multiplying the 
web width Ww by the area of each equilateral triangle: 

V ^^ = W — 

r P — ''i¥ ^ ">K ^ 

The number of prismatic volumes n? in the portion Wl of the web 1 04 is given by: 

a 

Consequently, the total volume Vt (cm^) of the prismatic volumes within the portion Wl 
of the web 104 is given by the product of n? and Vp: 

Because model 400 assumes that the equilateral triangles on the transporting roller 
surface 404 are identical to those on the web surface 402, the total volume of all 
prismatic volumes 408 on both surfaces is equal to 2Vt. In an alternative model where 
the equilateral triangles on the transporting roller surface 404 are not identical, the 
analysis above may still be used vdth superposition. (Superposition includes applying 
the analysis to each surface independently and calculating separate Vt values. The 
resulting Vj values are added and the sum is used in subsequent calculations.) For 
simplicity, this discussion will use the expression above for Vt without modification. 

[0028] The model 400 assumes that the total volume Vt is distributed across the 
entire area of the interface 406. This area is given by the product of Wl and Ww- A 
distribution k (cm) is defined as the ratio of Vt to the area of the interface 406, as 
follows: 
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Dividing the molecular surface density (j) by k yields the outgassing molecular density n. 
Combining the equations above, and recognizing that: 

yields the following: 

l^^r 1 A^A^„ 2rF,^ g A^o 2W,J 2QNA 1 

K K UK V W,W,, h V RT WJV^ h V [ RT j hW^^V 

(Equation 2) 

Consequently, for a given temperature and pumping system throughput, the outgassing 
molecular density is, according to the model 400, inversely proportional to the product of 
the height h of the prismatic volume 408, the web width Ww, and the web velocity V. 

[0029] Figure 5 depicts an alternative model 500 of the surfaces of the web 104 and 
the web transporting roller 114. The alternative model 500 represents the web surface 
502 as having multiple, semi-circular concavities with radius Rw (cm) that extend across 
the web width Ww The transporting roller surface 504 is modeled as having the 
identical surface profile. The alternative model 500 assumes that all of the concavities 
on the web surface 502 are identical, spaced equally, and in peak-to-peak contact with 
the identical concavities on the transporting roller surface 504 at an interface 506. This 
defines a series of semi-cylindrical volumes 508, each having radius Rw and axial extent 
equal to Ww- Similar to Figure 4, the interface 506 typically follows an arcuate path 
about the web transporting roller 114. Figure 5 depicts only a portion of the interface 
506 and renders it a non-arcuate fashion for simplicity. 
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(00301 The computation of the outgassing molecular density when using the 
alternative model 500 is similar to that described above with respect to model 400. 
Nevertheless, one difference is that, instead of prismatic volume, semi-cylindrical 
volume Vc (cm^) is used: 

Further, the number of semi-cylindrical volumes nc in the portion Wl of the web 104 is 
given by: 

rir = — — 

Consequently, the total volume Vjc (cm^) of the semi-cylindrical volumes within the 
portion Wl is, as above, given by the product of nc and Vc: 

' ' 2R,y 2 " 4 

Because model 500 assumes that the semi-cylindrical volumes on the transporting roller 
surface 504 are identical to those on the web surface, the total volume of all semi- 
cylindrical volumes 508 on both surfaces is equal to 2Vtc. In an alternative, model 
where the semi-cylindrical volumes on the transporting roller surface 504 are not 
identical, the analysis above may also be used with superposition (described above). For 
simplicity, this discussion will use the expression above for Vtc without modification. 

[0031] Similar to the case of model 400, the ratio of the total volume Vjc to the 
entire area of the interface 506 defines a distribution kc (cm) as follows: 

' WJV„ 4 
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Dividing the molecular surface density ^ by kc yields the outgassing molecular density n. 
Combining the equations above yields the following: 



a V WJV,y TcRty V RT WJV„ TcR^y V \ kRT ) R^yW^yV 



Consequently, for a given temperature and pumping system throughput, the outgassing 
molecular density is, according to the alternative model 500, inversely proportional to 
the product of the radius Rw of the semi-cylindrical volume 508, the web v^dth Ww, and 
the web velocity V. 

[0032] The radius Rw of the semi-cylindrical volume 508 can be determined by 
surface topology measurements. Consequently, for both of the models 400, 500 
discussed above, results of surface topology measurements are incorporated into the 

calculation of the outgassing molecular density n. Once surface topology, web width, 
and velocity values are established, the outgassing molecular density can be calculated in 
accordance with step 302. 

[0033] The calculation of the outgassing molecular density can be based on other 
surface models, including those employing heights or radii that vary across a given 
surface. A model may also incorporate heights or radii of one surface that differ fh}m 
those of the other surface. Further, a model may include the effects of non-peak-to-peak 
contact at the interface between the surfaces. 

[0034] Web outgassing pressure P (torr) is given by the following equation: 



n 




(Equation 3) 




(Equation 4) 
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where tw is the thickness (in) of the web 104, Tw is the target web tension pressure 
(Ib/in^), and d is the diameter (in) of the web transporting roller 114. Setting this 
equation equal to Equation 1 and solving for Tw yields: 




(Equation 5) 



Using, for example, one of the surface models described above, a value for the 
outgassing molecular density n is then substituted into Equation 5 to determine the value 
of the target web tension pressure (step 304). 

[00351 At this point, the operational web tension pressure is determined relative to 
the target web tension pressure (step 306). For example, the operational web tension 
pressure can be less than the target web tension pressure. In this case, the web 104 floats 
over the web transporting roller 1 14, substantially prevented from making contact with 
it. Alternatively, the operational web tension pressure can be greater than the target web 
tension pressure. This typically causes the web 104 to track the web transporting roller 
1 14. The operational web tension pressure can also be substantially equal to the target 
web tension pressure. The equipment operator can choose whether to allow web floating 
or tracking depending on, for example, the composition of the web material, its 
sensitivity to wrinkling or creasing, the type of material to be deposited onto the web, or 
the desired quality of the finished (i.e., coated web) product. In any case, the desired 
operational web tension pressure is then set on the web processing equipment 100 (step 
308). 

[00361 As the web processing equipment 100 operates, the amount of outgassed 
species can vary. In other words, the outgassing molecular density fluctuates and causes 
a change in the web outgassing pressure. To preserve the desired degree of floating or 
tracking of the web 104, an embodiment of the invention monitors the web outgassing 
pressure in the web processing equipment 100 (step 310) using, for example, one or 
more pressure gauges. An ion gauge may also be used to measure changes in the 
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vacuum in the web processing equipment 100 that are typically due to variations in web 
outgassing pressure. The operational web tension pressure is then adjusted (e.g., by an 
operator) to compensate, thereby retaining the desired relationship between it and the 
web outgassing pressure. 

[0037] Alternatively, the monitored web outgassing pressure may be used in 
Equation 4 to recompute the target web tension pressure. The operational web target 
pressure is then adjusted to retain the desired relationship between it and the recomputed 
target web tension pressure. For example, the operational web target pressure can 
exceed, be substantially equal to, or be less than the target web tension pressure. 

[0038] For a given web tension pressure, the degree to which the web 104 floats 
about one or more web transporting rollers 114 depends on the web outgassing pressure 
which, according to Equation 1, is a function of the outgassing molecular density. As 
shown by Equations 2 and 3, the outgassing molecular density is inversely proportional 
to the height or radius of the prismatic volume 408 or cylindrical volume 508, 
respectively. The height or radius can be interpreted as an "average roughness" of the 
surface of the web transporting roller 114. In one embodiment, an operator can select a 
configuration of one or more web transporting rollers 1 14 based at least in part on this 
average surface roughness. Based on Equation 2 or 3, the smaller the average surface 
roughness (i.e., the "smoother" the web transporting rollers 1 14), the greater the web 
outgassing molecular density. As Equation 1 shows, this causes greater web outgassing 
pressure. Accordingly, there is a greater degree of web floating with smoother web 
transporting rollers 114. If an operator desires this increased degree of web floating, he 
will minimize the average surface roughness of one or more of the web transporting 
rollers 1 14, or the web 104, or both. Conversely, to promote web tracking, the operator 
will increase the average surface roughness. 

[0039] One method of selecting select a configuration of one or more web 
transporting rollers 114 is to compute, using Equation 4, web outgassing pressure based 
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on the web geometry, geometry of at least one web transporting roller 1 14, and a 
maximum web tension pressure value. Substituting the resulting value of the outgassing 
pressure into Equation 1 yields the outgassing molecular density. Then the average 
surface roughness is computed using Equation 2 or 3 (step 3 12). The operator can then 
minimize the average surface roughness of the web transporting roller 1 14 in relation to 
the computed average surface roughness (step 3 14). This can be done by, for example, 
polishing the surface(s) of one or more of the web transporting rollers 1 14. It is also 
possible for the operator to select one or more web transporting rollers 114 that exhibit 
an actual surface roughness that corresponds to the computed average surface roughness 
(step 316). In any case, if the web transporting rollers 1 14, or web 104, or both have an 
actual surface roughness less than the computed value, increased floating results. If the 
actual surface roughness is greater than the computed value, increased tracking results. 

[0040] In a further embodiment, both methods for prescribing the degree to which a 
web floats about one or more web transporting rollers 1 14 are used. Specifically, a 
configuration of one or more web transporting rollers 1 14 is selected based at least in 
part on their average surface roughness. Next, an operational web tension pressure is set 
in relation to the web outgassing pressure as influenced by this average surface 
roughness. The operational web tension pressure can be greater than, less than, or 
substantially equal to the web outgassing pressure. Floating typically results when the 
web tension pressure is less than the web outgassing pressure. Conversely, tracking 
typically results when the web tension pressure is greater than the web outgassing 
pressure. 

[0041] As shown in Figure 6, one version of the invention includes apparatus 600 for 
adjusting the operational tension pressure of the web 104 as it travels over the web 
transporting roller 1 14, typically within a chamber 602 that may be kept under vacuum. 
A pressure sensor 604 monitors the ambient pressure in the chamber 602 about the web 
transporting roller 1 14, A tension sensor 606 monitors the tension pressure of the web 
104 as it travels across the web transporting roller 1 14 to a web tensioning roller 608. 



- 16- 



The web tensioning roller 608 is adjustable to vary the web tension pressure as needed, 
typically in response to the output of the pressure sensor 604. 

[0042] A controller 6 1 0, such as a computer, is typically in communication with the 
pressure sensor 604 and the tension sensor 606 to, for example, monitor their outputs. 
The controller 610 is also in communication with an actuator 612 that adjusts the web 
tensioning roller 608. This can be accomplished by, for example, a mechanical linkage 
between the actuator 612 and the web tensioning roller 608. In other words, the 
controller 610 typically operates to provide closed-loop control of the web processing 
equipment 100 with feedback. 

[0043] To perform the necessary tasks, the controller 610 can include logic 614 that 
computes the outgassing molecular density using the equations described herein or by 
other, alternative models or methods. Using this computed outgassing molecular 
density, the logic 614 also computes a target web tension pressure based at least in part 
on the computed outgassing molecular density. Using the target web tension pressure as 
an initial value, the logic 614 determines how to adjust the web tensioning roller 608 in 
response to the web tension pressure actually measured by the tension sensor 606, 
typically by communicating with the actuator 612 through the controller 610. 

[0044] Note that because Figure 6 is a schematic, the items are shown as individual 
elements. In actual implementations of the invention, however, they may be inseparable 
components of other electronic devices such as a digital computer. Consequently, the 
steps discussed above may accomplished by computer-readable program code included 
on an article of manufacture such as a program storage medimn. The program storage 
medium may include a program of instructions executable by a computer to perform the 
aforementioned method steps. 



[0045] From the foregoing, it will be appreciated that the methods and apparatus 
provided by the invention provide enhanced control over web steering to improve web 
alignment. Misalignment, wrinkling, and creasing are largely eliminated, thereby 



avoiding accelerated degradation of the coated web product and increased web 
processing equipment downtime. 

[0046] One skilled in the art will realize the invention may be embodied in other 
specific forms without departing from the spirit or essential characteristics thereof. The 
foregoing embodiments are therefore to be considered in all respects illustrative rather 
than limiting of the invention described herein. Scope of the invention is thus indicated 
by the appended claims, rather than by the foregoing description, and all changes that 
come within the meaning and range of equivalency of the claims are therefore intended 
to be embraced therein. 

[0047] What is claimed is: 
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